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PREFACE

This document serves as a final technical report describing the results
of the in vitro metabolism, by human hepatic microsomes, of 2,2-dichloro-
1,1,1-trifluorocethane (HCFC-123), a replacement candidate for Halon 1211.
This work was conducted at the Toxic Hazards Research Unit, ManTech
Environmental Technology, Inc., located at Wright-Patterson Air Force Base,
OH. The research described herein began in August 1992 and was completed in
April 1993. It was performed under Department of the Air Force Contract No.
F33615-90-C-0532 (Study No. F08). Lt Col Terry A. Childress served as
Contract Technical Monitor for the U.S. Air Force, Occupational and

Environmental Health Directorate, Armstrong Laboratory, Toxicology Division.

The authors thank Dr. Michael Olson, General Motors Research Laboratory,
Warren, MI, for helpful suggestions and advice. The authors also thank Drs.
K. Allen and C. Tyson, Stanford Research Institute, Menlo Park, CA, for
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SECTION 1

INTRODUCTION

Increasing atmospheric levels of chlorofluorocarbons (CFCs) has resulted
in stratospheric ozone depletion (1). As a result, the Montreal Protocol of
1987 called for a phaseout of CFCs by the year 2000. One of these CFCs, Halon
1211, is commonly used as a fire extinguishant. One candidate considered as a
replacement for Halon 1211 is 2,2-dichloro-1,1,1-trifluoroethane (HCFC-123),
an analog of the anesthetic halothane. The metabolism of halothane has been
described both in vivo and in vitro (2,3) but the metabolism of HCFC-123 has
not been as extensively studied, and no metabolism studies in humans have been
reported. A single in vivo metabolism study, in which rats were exposed to 1%
HCFC-123 for 2 h, has shown that HCFC-123 is oxidatively metabolized to
trifluoroacetic acid (TFA). In that study levels of trifluoroacetylated liver
proteins were nearly identical to those detected after an exposure to 1%
halothane for 2 h (4). These liver protein adducts are formed from a
trifluoroacetyl halide intermediate arising from the oxidative metabolism of
the substrate and are believed to be involved in the development of halothane-
induced hepatitis in humans (5,6). Because the structure of HCFC-123 is
similar to that of halothane, and because the potential for environmental and
occupational exposure to HCFC-123 exists, the rates of HCFC-123 metabolism by

human hepatic microsomes were assessed as part of the safety assessment of

this chemical.




SECTION 2

EXPERIMENTAL

HCFC-123 (CAS No. 306-83-6) was supplied by Allied Signal Inc.
(Morristown, NJ) and was found to contain about 5% 1,2-dichloro-1,1,2-
trifluoroethane as an impurity. All other reagents were obtained from Sigma
Chemical Co. except as specified. The human liver specimens used in this
study were obtained from Stanford Research Institute, Menlo Park, CA. Liver
specimens from organ donors were stored at -135 °C, shipped frozen, and stored
at =70 °C until used for the preparation of microsomes. Prior to the original
acquisition of the livers, the organs had been perfused in preparation for
possible organ transplant. The livers were negative for the presence of

hepatitis A and B viruses as well as human immunodeficiency virus.

Livers were thawed at room temperature and homogenized in 4 vol of ice-
cold 0.154 M KC1/0.05 M Tris-HCl (pH 7.4). The homogenate was centrifuged at
4 °C at 500 and 10,000 xg for 10 min each. The supernatant fraction obtained
after the final spin was centrifuged at 104,000 xg for 60 min at 4 °C and the
microsomal pellet was washed with and resuspended in the 0.154 M KC1/0.05 M
Tris-HCl(pH 7.4) prior to storage at -80 °C. Protein concentrations were
determined by the BCA method (Pierce Chemical Co., Rockford, IL). The
cytochrome P450 content of sodium dithionite-reduced microsomes in 0.1M Tris-
HCl (pH 7.6) was determined by the method of Omura and Sato (7).

Initial experiments were conducted to establish conditions leading to
linear reaction rates of TFA formation with respect to time and protein
concentration. Experiments also were conducted to determine the optimal pH
and saturating substrate concentration. Microsomal incubations were conducted
in 25 ml Erlenmeyer flasks sealed with Teflon-lined silicon septa. The
headspace atmosphere was prepared by mixing compressed air and nitrogen with
gas-flow controllers (Dwyer Instruments, Michigan City, IN) to yield an oxygen
concentration of 5%. The headspace of each flask was purged with this gas
mixture, which was chosen because the hepatic vein of humans contains
approximately 4 to 5% oxygen (8). Microsomes were thawed, diluted with 0.1 M
Tris buffer (pH 7.0) to give the appropriate protein concentration, and
bubbled for 2 min with the same gas mixture used to purge the flasks. A 2-ml
volume of the diluted microsomal suspension was added to each flask with a
gas-tight syringe, HCFC-123 was added to the headspace of each flask with a
Hamilton syringe, and the flasks were preincubated at 4 °C with vigorous
shaking for 15 min. The reactions were initiated by the injection of 25 ul of
B-NADPH solution through the septum to yield a final concentration of 1 mM,




and terminated after the appropriate incubation period by rapidly heating the
flasks to 60 °C.

For physiological metabolism studies, incubations were conducted as
described above. Incubations contained 2 n@/ml of human hepatic microsomal
protein in 0.1 M Tris buffer adjusted to a pH of 7.37. HCFC~123 (7.3 ul) was
added to the flasks that were incubated for 7 min following the addition of B-
NADPH. This amount of HCFC-123 resulted in a 1.13 mM concentration in
solution as determined from determining the partitioning of HCFC-123 into the
reaction mixture. This concentration (1.13 mM) was derived from
physiologically based pharmacokinetic (PBPK) estimates of the steady-state
concentration of HCFC-123 in human liver following an exposure to 1% (v/v) of
HCFC-123.

The supernatants of all incubations were analyzed for TFA by
derivitization to form volatile methyl esters using the method of Maiorino et
al. (9). The chromatographic separation of the TFA-methyl ester was conducted

according to the method described by Brashear et al. (10).




SECTION 3

RESULTS

As shown in Figure 1A, the optimal pH value was approximately 7.0 for
the oxidative metabolism of HCFC-123 to TFA. Therefore, 0.1 M Tris buffer at
this pH was used for all subsequent optimization experiments. The rate of TFA
formation with respect to time is presented in Figure 1B. The rate was
approximately linear for the first 7 min, and became distinctly nonlinear
between 7 and 60 min. A time of 7 min was chosen for determination of optimal
rates of TFA formation. The effect of increasing amount of microsomal protein
is presented in Figure 1C. The reaction is apparently nonlinear over the
entire range of concentrations but a concentration of 2 mg/ml was chosen for

determination of optimal rates of TFA formation.

When HCFC-123 was introduced into the headspace of the flasks, the
amount of TFA formed (normalized per mg of microsomal protein) increased in
response to increasing halocarbon concentration (Figure 2) up to a
concentration of 36% (v/v). However, the relationship was nonlinear indicating
possible substrate saturation. Above a concentration of 36% in the headspace,
the rate of TFA formation was apparently suppressed. Although there is no
clear evidence of substrate saturation, a double reciprocal transformation of
the first 4 data points on this curve suggested an apparent maximum velocity
of 4 nmoles TFA/mg protein/20 min and a half-maximal substrate concentration

of 2.9% (v/v) HCFC-123 (Figure 2 inset).
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Figure 1. () Effect of pH on the rate of TFA formation from HCFC-123 in
human hepatic microsomes. Data are from a single experiment. (B)
Time course of the formation of TFA from HCFC-123 in human hepatic
microsomes. Data are from a single experiment. (C) Effect of
human hepatic microsomal protein concentration on the formation of
TFA from HCFC-123. Data are from a single experiment.
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Substrate-dependent kinetics of TFA formation from HCFC-123 by
human liver microsomes. Data are from a single experiment.
Inset; double reciprocal plot of the first 4 points. (Apparent
maximum rates and half-maximal substrate concentrations are

provided in the RESULTS section).

The linear rates of TFA formation from HCFC-123 conducted under optimal

-Under conditions of




physiological pH, and with substrate concentrations in the liver representing
those expected under steady-state conditions, the metabolism of HCFC-123 to

TFA was approximately 67% of that observed under optimal conditions.

Table 1 - Comparison of Physioclogical and Optimal Rates of TFA Formation

Subject Cytochrome P450 Rate of product formation
(nmole/mg protein) (nmoles/mg protein/min)?@
Optimal Physiological
H-27 1.01 0.41 (0.39,0.43) 0.27 (0.29,0.24)
H-62 0.59 0.33 (0.34,0.32) 0.24 (0.20,0.28)
H-64 0.44 0.24 (0.20,0.27) 0.14 (0.15,0.13)
Mean * SD 0.68 + 0.30 0.33 £ 0.09 0.22 = 0.07

T Values represent the average of duplicate incubations conducted on separate
days. The individual values for each subject are given in parentheses.




SECTION 4
DISCUSSION

The biotransformation of halothane has been reported in several animal
species in vitro (11,12,13). Although studies describing the metabolism of
halothane by humans in vivo have been reported (14,15), there are only limited
reports concerning the metabolism of halothane by humans in vitro (11). The
metabolism of HCFC-123 results in the qualitative production of the same
metabolites afforded by the metabolism of halothane (4,10,16), however there
have been no reports, to our knowledge, of the metabolism of HCFC-123 by
humans either in vivo or in vitro. Thus, the results of this study provide
the first indication that HCFC-123 is metabolized by the human.

Gruenke et al. (11) examined the rate of TFA formation from human
hepatic microsomes exposed to a concentration of 0.6% (v/v) halothane in the
headspace and obtained a rate of 2.05 nmol TFA/mg protein/30 min. In the
present study, 5.6 nmol TFA/mg protein/30 min was obtained in incubations
containing 36% (v/v) HCFC-123 in the headspace. However, a rate of 1.7 nmol
TFA/mg protein/20 min has been obtained in our laboratory from an incubation
of human hepatic microsomes containing 0.6% (v/v) HCFC-123 in the headspace
indicating that the two substrates are probably metabolized to the same extent
in vitro (Godin, unpublished observation). Thus the findings reported in the
present study are significant because they indicate that humans are capable of
producing TFA from HCFC-123 at rates similar to those reported for halothane.
The extent to which this reaction occurs in humans in vivo is unknown but is
important in light of the hepatotoxicity associated with halothane metabolism.
Trifluoroacetyl halide intermediates are produced from halothane in vivo and
form covalent adducts with several hepatic proteins (5,6). Humans develop
serum antibodies that have been shown to recognize these adducts (5,6), and
their reaction has been linked to the onset of halothane-induced hepatitis.
Products from the metabolism of halothane also are thought to be responsible
for the hepatotoxicity observed in up to 20% of patients anesthetized with
halothane (5,17). The metabolism of HCFC-123 also affords the production of
trifluoroacetylated adducts (4), but it must be pointed out that the system
used in this study places an enriched cell fraction in direct contact with the
chemical in solution. Whereas a PBPK prediction of liver steady-state

concentrations of HCFC~123 in humans following an exposure to a 1% (v/v)

11




atmosphere suggested that the incubations should be conducted at this same
concentration it is unlikely that humans would be exposed to a high enough
concentration of HCFC-123, and for sufficient periods of time to result in a
similar internal concentration. Although the amount of adduct formation
resulting from brief accidental exposure may be low, there is currently no
information on the amount of adduct required to induce an immune response. In
sensitized individuals therefore, hepatitis may develop after subsequent

exposure to HCFC-123 or after anesthesia with halothane but this risk cannot

be assessed.
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